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The possible significance of a gas-solid fluidization process in 

shaping the moon is being studied a t  the NASA Godd.ard Space Flight Centen 

The process is referred t o  by geologists as I 1  ash flaw", or, less s t r i e h  

nuge ardente"; the end. product is variously referred t o  as an iFl;nimbi?w, 
II 

an ash flow tuff, or i n  special. cases as a we lded  tuff. 

possible that this mechanism can e-lain at the same time the morphological 

features of the maria and the chemistry and age relationship6 of tektites. 

!l!he l a t t e r  are smal l  glassy pebbles which are regarded as of lunar 

It appears 

origin by workers a t  several places, including Goddsrd, Dr. Cham' a 

group at  mAsA Ames Research Center, and D r .  Chao' s group at  the U.S. . 

Geological Survey. 

The evidence that tekti tes are  of l i i r  origin rests essentially 
/ 

upon two or three facts. F i r s t ,  they are clearly the result of an 

impact of an enormous meteorite on sane p&etary surface. 

shown that sane tektites from the Far  East contain the character2stic 

meteorite minerals kamacite, scbreibersite and t ro i l i t e .  

these,alone would point strongly t o  a meteoritic origin; the 2resence of 

~ h a o  has 

Any one of 
1, 

all three is Cecisi~e. 

found are apparently produced by impact of a meteorite. 

are  farid embedded in  sane very different loaking spongy glass around 

terrestrial impact craters. 

the earth, first because of terrestrial. materials containing a few 

tenths Of e percent of water a t  the least. 

The tmy  spherules i n  which the minerals are 

Similar spherules ' 

The impact probably did not take place an 

%!& water, i f  expanded under 
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the heat af impct, w a u l d  give r i se  t o  an extremely spongy structure 

w h i c h  is seen in terrestr ia l  impacts and is absent i n  tektites. 3 
ir 

Tektites 

are in fact am- the driest materials known on earth. 

place molten glass droplets produced by hpact  could scarcely be propelled 

In the second 

through the atmosphere, even in the most violent impacts. A8 is  well 

known frka meteorite studies, objects of tekt i te  size w i l l  be arrested 

by layers of atmosphere no thicker than those which exist above E: height 

of 50 km. Hence the blast waves from t h e  explosion must rCach this 

height w i t h  velocity essentially undiminished, since otherwise the tektite 

w i l l  encounter undisturbed air. Alternatively, it is imaginable t h a t  the 

explosion i t se l f  w i l l  send the masority of its debris t o  this height, 

and so break a path for the tektite. 

impact required t o  accmplish the first task; it is of the order of lo2* 

ergs, or sanething l ike one million megatms. To produce the Far Eastern 

tektites, which cover an area -thaxa.nds of  kilaneters i n  both directions, 

We can calculate the size of an 

we would expect a crater which would be visible even t o  the present 

d.ay. .The second possibility has not been cdculated; it would  also 

demand a very large crater. 

earth, then the tekti tes are most likely froin the If cct  f r a  

moan, since they do not carry in them, as was pointed aut by Viste and 

hders,  the W” which we w d d  have expected t o  result fran a voyage 

across lateq$anetary space. Moreover, Chapman and Adams have both dram 

attention t o  the fact  that the entry velocities of tekti tes are not likely 
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t o  have been very high. 

but are not easily reconcilable with arrival frcan some other So+?. 

They are reconcilable with arrival fron the mom, 

The derivation of tekti tes f r m  the noon presents an age problem, as- 

pointed aut by T i l t o n  at  the Geophysical lab of CIW and by Pinson and 

Sdhnetzler at  MIT. Lead-uranium ages f a d  for tekt i tes  by the former 

group, and especially the rubidim-strontium ages found by the M 3 2  

group, f a l l  in the range of a few hundreds of millinns of years. 
t 

They 
- 

m e  thus not to be reconciled with the age of the lunar surfate’as a 

whole, which is believed t o  be similar t o  the age of the solar system, 

on the order of a few thousands of millions of years. 

is only imaginable i f  there are portions of the moon‘s surface which 

A lunar origin 

are much younger than the rest. 

materisl an tbe moon is in the broad, flat, relatively crater-free maria. 

The l og ica l  place t o  look f o r  young 

The maria axe the dark areas on the moon which we see w i t h  the naked eye 

as making a sort of face. 
* 

They have been explained by same workers as 

flaws of dark lava; but at Cornell Dr. GcLd has suggested that they are 

a s o r t  of sediment resulting f r c a  t h e  slci; erosion of %he mom’s surface 

and the transport of the partLcles by electrostatic hopping. Neither of 

these explanations w i l l  do for  the tektites. 

in chemistry, and irreconcilable w i t h  the acid chemistry of tektites. 

A dark lava xmld be basic _ - .  
I *  

. 
The results of erosional processes on a very ancient landscape would be 

the formation of sediments whose fib-Sr age, for  example, would be just 

4 

as great as that of the original materials. This difficulty has been 

f’requently referred t o  as a major objection t o  the whale idea that 

tek t i tes  come f r o a n  the mom. 
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1cf, harever, we suppose %hat, tfie ~m-ia are ash flar tuffs, then the 

picture changes. 

glass emplaced by a process of fluidiza%im. 

stem, and In a thick bed (say 30 meters o r  so) t k e  rising steam forces 

An ash f lm tuff is a deposit of t iny pieces of volcanic 

The hot glass releases 

C the particles apart sl ight ly  and cushions them fram each other. As a 

result the bed beomes fluidized in the sense in which this word is 

used in engineering. 

l iquid of very lar viscosity. 

slope ? ~ d  spreading aut l ike a liquid with a very nearly level top 

'r 
The gas-solid coxbixation becomes in effect  a 

It is a B X e  of rolling dawn a shallow 
I 
I 

surface. The Valley of 10,OOO Smokes i n  Alaska, which is  a rwez t  ash 

f low,  had, when new, a surface that could be bicycled mer. 

fact  that most ash flows are acid i n  %heir chemistry. 

It is  a 

They thus sat isfy 

the most obvious requirements of the tek t i te  hypothesis. 
i 

It tups out that the ash flow idea explains a good many other 

peculiarities of the maria. G o l d ,  In 1955, d r e w  attention anew t o  a 

fact  mentioned earlier by Shaler, that the =ria lack the c h a r r  zter is t ic  

scarps around the edges which are seen at "&e edges of a lava flow. 

These scarps are the final p o s i t i a s  of a sort  of retaining w a l l  which a 

lava flow pushes ahead of it. 

water; the surface is almost always m a t e d  over w i t h  congealed rock. 

"he lava is  rarely a nice l iquil i  122 
. I  

The rock piles up ahead of the flaw and builds a dam. The lavz advances 

by brealrixg'thraugh the dam. The height is nonnally sanethin@; like 10 

or 20 feet. A l ine  of this height on the moon would be rather easily 
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detectable when the sun is low so that the shadows are 50 or 100 times 

as long as the height of the object. These scarps have been carefully 

searched for many times without success. 

expect if we w e r e  dealing w i t h  an ash flow. 

Their absence is what we w o u l d  . 

When an ash flow spreads out mer an existing carved-up terrain, 

the ash is  deepest in the l o w  places and shallawest in the high ones. 

After being deposited, the porosity tends t o  be squeezed out. L1 many 

ash flows the heat is retained in the lower levels fo r  a long t b e .  

The t iny b i t s  p f  g l a s s  are 2lastic eaough so Lthat the porosity is 

squeezed out, and the mass is welded to sanething l ike an obsidian. 

Even a t  SmaJler depths there is sintering. A t  the top surface there is 

a lowering which is greatest where the topography was originally lowest. 

The net result of th i s  process is w h a t  F. R. Boyd, a t  the Geophysical 
11 Laboratory of CIW c a l l s  "exhumtion of the topography, that is, a top 

surface which imitates the undulations of the ground w i t h  diminished 

amplitude. 

On the moon there are nurneraus examples of craters which appear t o  

project through the maria w i t h  the s a e  roundness as other crzters but 

witid very much diminished h e i a t s  . These drowned and half-drameC 

craters may, it seems t o  me, represent cases where there has been 

exhumation of the topography. 

In sone places on the moon we see markings which lo& lilre level 

beds. 

ProPnptly transforms itself t o  steam or ice; and no other liquid is 

They can hardly be due to water, which, under vacuum conditions, 
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probable. The suggestion has been made by Xrs. W. S. Cameron that these 

are ditches carved by the passage of  ash flows. Such ditches are known 

in t e r res t r ia l  events, especially the i h b a r a  ash flow frm the volcano 

Asama in Japan. 

the possible role of the ash f l o w  process in producing chemical 

differentiation. 

An interesting question which is now under stuclj is 

It turns out that on the e a r t h  the effect  of an ash 

flow is sometimes t o  separate the crystals frcan the glassy portions of 

the volcanic ash. 

the upflowing airstream. 

elutriation, that is, the removal of the fines. 

that by the process of elutriatian some of the sane effects are produced 

as those produced by terrestr idi  sedimentary processes. Q m z t z  crystals 

are especially resistant t o  smashing in any sort  of grinding process, and 

they therefore tend t o  be enrlched in the ponion of materid which is 

lef% behad. 

out, not t o  any common type of igneous rock, but t o  an intermediate 

The crystals are larger and not so easiiy carried by 

In industry the process is referred t o  as 

It is a t  leas? conceivable 
4- 

Tektites correspmd, as S. 8. Taylor has repeatedly pointed 

igneous rock whose s i l i ca  content has been enhanced in sane xay or other. 

Corncei.v&ly +Le e k % r i ~ t i ~ i i  process involved in a lunar ash flow may 

provide the necessary mechanisrn. 

This view of the nature cf -;he m r i a  suggests that some of the 

ridges found near Mare Lnbrium, Tor example nay represent Obsid-;331 

slowly extruded through fissures in a manner which is common 00 the earth 

where ash flars are found. It suggests that the moon's interior is hot, 

and that the red spots observed near Aristarchus are in scxne way traces of 

surviving volcanism. These suggestions may well prwe t o  be helpful in 

shaping f'uture research on the surface of the moon. 


